All patients who underwent surgical repair of isolated pulmonary valve stenosis at the Mayo Clinic between 1956 and 1967 are included in this study. These dates were selected to allow a minimum follow-up of 20 years (or until death); the maximum follow-up is 30 years. The diagnosis of isolated pulmonary stenosis included patients in whom the only other congenital cardiac abnormality was an atrial septal defect but with less than 20% left-to-right shunt (quantitated by oxygen saturations by the Van Slyke method). Patients with pulmonary valve atresia or the hypoplastic right heart syndrome were excluded from this study. These criteria were met by 191 patients, of whom 99 (52%) were male. The mean (±+ SD) age at operation was 13.6±+13.1 years (range, 3 days to 68 years; median, 9 years) ( Figure IA) . Associated conditions included atrial septal defect in 42 patients, patent foramen ovale in 30 patients, and anomalous origin of the left anterior descending coronary artery from the right coronary artery in one patient. No other congenital cardiac abnormalities were present.
T he literature contains several reports of shortterm and intermediate-term results of treatment of large series of patients with common congenital heart conditions such as pulmonary stenosis,1-6 but long-term (>20 years) information on late survival, sequelae such as arrhythmias and cardiac failure, and employability and insurability is sparse. 4, [7] [8] [9] [10] This report describes the longer follow-up (at least 20 years or until death) of the operative survivors of 183 patients who underwent surgical repair of isolated pulmonary stenosis. Particular attention is given to the influence, on results, of age at operation, of use of a right ventriculotomy, of right ventricular systolic pressure (before and after operation), and of the presence of a murmur of pulmonary insufficiency after operation. Most of the patients in this series were included in a previous report5 from this institution published in 1971. All patients who underwent surgical repair of isolated pulmonary valve stenosis at the Mayo Clinic between 1956 and 1967 are included in this study. These dates were selected to allow a minimum follow-up of 20 years (or until death); the maximum follow-up is 30 years. The diagnosis of isolated pulmonary stenosis included patients in whom the only other congenital cardiac abnormality was an atrial septal defect but with less than 20% left-to-right shunt (quantitated by oxygen saturations by the Van Slyke method). Patients with pulmonary valve atresia or the hypoplastic right heart syndrome were excluded from this study. These criteria were met by 191 patients, of whom 99 (52%) were male. The mean (±+ SD) age at operation was 13 .6±+13.1 years (range, 3 days to 68 years; median, 9 years) ( Figure IA ). Associated conditions included atrial septal defect in 42 patients, patent foramen ovale in 30 patients, and anomalous origin of the left anterior descending coronary artery from the right coronary artery in one patient. No other congenital cardiac abnormalities were present.
The follow-up status of the patients was determined by examination at this institution or by a detailed questionnaire. If interim death, hospitalization, or a cardiovascular event had occurred, either 18 9 Surgical technique Brock procedure 8 4 Open valvotomy 70 37
Infundibular resection 13 7 Valvotomy and infundibular resection 100 52 *Digoxin, 15; diuretic, four; quinidine. one; and procainamide, one patient.
was used in 178 patients and ischemic cardiac arrest was used in 158. Open repair under hypothermia and inflow caval occlusion was used in a few patients (all before 1960).
The surgical techniques used for relief of the pulmonary stenosis are listed in Table 2 . The mean cardiopulmonary bypass time was 41 ± 21 minutes (range, 9-100 minutes). The mean aortic cross-clamp time was 17 ± 10 minutes (range, 2-55 minutes). The transvalvular pulmonary outflow patch (placed in 18 patients) was autologous pericardium in four patients and prosthetic in 14; in one patient, it extended along the entire course of the main pulmonary artery.
Perioperative Data Hemodynamic data. Figure 2 . The difference between the observed and expected survivals is statistically significant (p<0.002) but not very large. The mean age at death was 38 years (range, 5-65 years).
Intraoperative variables of interest (in relation to survival) included the placement of an outflow tract patch, the use of a right ventriculotomy, and a murmur of pulmonary insufficiency postoperatively. There were no age-related differences. Twenty-fiveyear survival was 90%, in patients both with and without pulmonary insufficiency; 91% and 89% in patients with and without a ventriculotomy (p = 0.6), (Table 5) .
Cardiac events. During follow-up, there were 20 cardiovascular events, including the 11 cardiovascular deaths, believed to be attributable to the underlying congenital heart disease. The additional nine events were reoperation for pulmonary stenosis in five, implantation of a permanent pacemaker for tachycardia-bradycardia syndrome in two, and significant congestive heart failure in two patients. Among the five patients who underwent reoperation, the mean interval between the first and second operations was 12 years (range, 4-21 years). Multivariate analysis (Table 5) (four patients) and percutaneous transluminal coronary angioplasty for coronary artery disease (two patients). These were not considered to be related to the pulmonary stenosis and were not entered in the analyses. In an additional two patients, severe pulmonary valve insufficiency developed and was treated medically. The postcardiotomy syndrome developed in three patients, and one patient suffered from chronic sternal wound infections.
Functional outcome. Of the 181 long-term survivors available for follow-up (two patients were lost), seven (4%) reported that they had had offspring with pulmonary stenosis, and an additional two (1%) patients had had offspring with pulmonary atresia (an incidence consistent with previous reports on the genetics of congenital heart disease).14 Functional disability in late survivors was minimal, and all patients considered themselves to be asymptomatic at the time of last follow-up.
Survival according to age at operation. For analysis of the long-term survival, the 181 survivors were grouped into quartiles by age at the time of operation ( Figure 3 and Table 6 ). In the first three subgroups, the observed survival was close to that in the control group. For those undergoing operation at age 21 or older, the late survival rate was Time postoper poorer than in the control group, still relatively good.
although it was Discussion This series is unique in that it consists only of patients with a minimum follow-up of 20 years or until death. The excellent overall survival confirms previous reports of the efficacy of cardiac surgery for isolated pulmonary stenosis. [1] [2] [3] [4] [5] [6] This study also provides new data documenting a normal life expectancy over a 20-30-year period for hospital survivors who underwent repair at age 21 years or younger. These data, which come from the earliest experience in cardiac surgery, should provide a standard for comparison with the era of contemporary surgical practice and the newer techniques of percutaneous balloon valvuloplasty. 15, 16 The normal life expectancy for operative survivors among the three younger age groups has encouraging implications in regard to employment potential and life insurance. The poorer results in patients undergoing operation in the 3rd decade of life or later reinforce the current approach of early intervention. It remains to be seen whether contemporary methods of myocardial protection will further 
